
PATENT ABSTRACTS OF JAPAN 

(11) Publication number: 06011620 A 



(43) Dateof publication of application: 21.01.94 



(51) int. ci G02B 6/16 
G02B 6/10 




(21) Application number: 05039296 


(71) Applicant: 


CORNING INC 


(22) Date of filing: 04.02.93 


(72) Inventor: 


ANTOS A JOSEPH 






BLANKENSHIP MICHAEL G 


(30) Priority: 04.02.92 US 92 830692 




HALL DOUGLAS W 






MURPHY EDWARD F 






SMITH DAVID K 



(54) DISPERSION COMPENSATING OPTICAL attenuation introduced into a system. 

WAVEGUIDE FIBER 

COPYRIGHT: (C)1994,JPO 

(57) Abstract: 



PURPOSE: To obtain an optical transmission link for ail 
fibers which minimizes the attenuation of the fibers and 
limitations on the link length originating from 
all-color dispersion. 

CONSTITUTION: A dispersion compensating optical fiber 
4 is adapted for combinational use with a conventional 
single-mode transmission fiber which is optimized for 
zero-dispersion operation within a wavelength range of 
1 290-1 330nm so as to form a transmission link 2 suitable 
for low-dispersion operation in a 1 520-1 565nm 
wavelength window. Those dispersion compensating 
optical fibers 4 give dispersion which is negatively 
larger than -20ps/nm-km and attenuation which is less 
than 1db/km in a wavelength area of 1 520-1 565nm. 
Some of the dispersion compensating fibers 4 show even 
dispersion-to-wavelength relation having a negative 
gradient in the 1 520-1 565nm range. The dispersion 
compensating fibers 4 are coupled with a fiber amplifier 
3 so as to form a compensator which overcomes 
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77^f^it5^T'fc5 (H3#fg) o :^3-n 
v'<ftfK*W£n<oW3te. r^)«t5Ji7 5/W7^ 

SrfflV^5>tSc->7 h • 7r-<^^^*t?ti-10 ps/km-nm<7) 

[0 0 2 3] (ft<0*< 
10 $ttTl>So *H1#fTSS4 7 5 0 8 0 2-^f4^»*fltO 
tz.#><n>7 r 4 - 7 s 4 \y-f7-f> ■ T W f£B3-t"5 fc<£> 
T'foSo *H«FfFIB4 7 6 8 8 5 3 *l4$MftfE*8&i: U 

7AClt5^t^§ 0 *H4#ffS4 9 1 3 5 2 0^ 

S4 9 7 9 2 3 4^tifiSfil^#«s:u- if-Jt*»«r»V^ 
[0 0 2 4] 

20 [*aiW^<l¥«:bJ: 5 itSWi] ±ao«fc9{-. 

7r-Y^SriibT Willi's t^)T*feot, 1 550nm(£> »> ^ 

j£ y > ^ (7) 9 1b<OEfflW#»^l3lOnraT**5>»Sr#i- 

Z>%7T-<'<$:%mk Ltl^/i^, ro«WHttiaj|6W 

^ U — K (upgrading) ^^^-^ (long- 

30 haul) a««ff*KtoT##»r:BB^iO*v^|l8«-e* 

[o o 2 5] mmnx^v? - ^^y^^m 

— =€•- K ■ ^T-f/^ : SriiC"Ce^i-^>1550nmv'^^AcD 

7 r -< / <0*?Jl5ps/km-nm<DiE(0^«: 
4 0ft^ (fo^VM^niy.iO) 50-500MHz AM 
fcr-r^I^^Sr^C^^r, a>o y >^S$:5kmJ^T 
(^S , JP5"t"-5o Vodhanel et al. , "Performance of Direc 
tly Modulated DFB Lasers in 10-Gb/s ASK, FSK, and 
DPSK Lightwave Systems", JOURNAL OF LIGHTWAVE TECH 
40 N0L0GY, Vol. 8, No. 9, September 1990, pp. 1379-138 
5te> 1550nm WZU-*?-<Dm&mmmm& X XfM^ 
^P^rffl^fclO-Gb/se^^tCjo^T. <l^cT)1300nmft 

[0 0 2 6] ISWKIt gE#CD1310nmgigft y > ^ 

50 -txz t>\z%>mmz8imx*%z>& 5t-"ter ir-cfc^ 
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9o lSSOnmffitg^-O K£ (#U520nm-1565nm) X^ 
ai/utr^AS: K-^Lfc*7r>f^«MH» (OFAs) *s« 

[0 0 2 7] Gnauck et al. , "Optical Equalization o 
f Fiber Chromatic Dispersion ina 5-Gb/s Transmisio 
n System", IEEE PHOTONICS TECHNOLOGY LETTERS, Vol. 

2, No. 8, August 1990, pp. 585-587 9 ItR&tl&y T ~7 

(^2ffiil-5tT@) o 

[0 0 2 8] Gysel, "CATV AM Optical Transmission L 
inks Using the 1550 nm Window", Proc. Manual, Fiber 

Optics 1991, Society of Cable Television Engineer 
s, January 1991, pp. 161-166m310nm{£:io^T^#ik 

[0 0 2 9] »*««!t«Jci3*'t5±»(OBB«^S:*ift 

h77^^t*5^J: 5tC1550nmKS^-f> K 
(CSO) I^S:8«St5±5l:4L1l 

oT1550nmT*Kjf^L, 1550nnfCiEO#Sfc£ y 
[0 0 3 1 ] *|8WOft!lOBW*4. 1520nm*»bl565nni4 

Hfc^ r -f '<o£|?P6 y Ki3»t*»»«:»§t+a*: 
«>^it«Wfiir ^fi $ -Cffl^S ^ £ 5:0807 7 

«77>f^«ftt5:it*S. 
[00 3 2] #MO<tflO@ tfjJ2 x •1550nmftfiffiH»-*5 



(7) ^ffl5p6- 116 2 0 
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^T«SW!)>^.l:»t5»»77y MfcS:-**.* i 5 

"Cf4 rfS^HSfltj 'slope compensation*) <fcLTf5a!£ 

*^<* h/u«^»-T5J: 9**ft**«SrffFSi-5. *: 
MO l O0>H16«-CM\ »««»^«»ttOA*b-l.2p 
s/nm 2 -km^T*0®fflP^T*fc5o 
10 [0 0 3 3] 

iKK^r^Sr^fiiU ^o:7 T ^^Oik#ffc;^1520nm 

[0 0 3 4] t&(OmmMX^ **Wfll290nmi: 1330nm 

20 fc^ft< £ fc40kmOtIW— Kfii£:77>r^£, w 
Og?f-^- K£g77^^f^<7)^0-j: 

iSftfcISr*»*Srfft*»»»ll**ft»77^^ 

88 h/HBOnmS ^O4k5>Sfc^l520nm*»bl565nm4 

<ft5J; 9twftStLT^5 0 

[0 0 3 5] Sb^ffeOlliE^jT^. *^Wf±1290n m< t 
30 1330nm<tOP E go®HrtO&S^^V^Tt£j^St!jftS:"r5 

■*-«fcft^»**Mit»*:**U ::O«|«Btt:1520nm** 
&1565nm*TO«Hrt(O0f3e<oa6ft-C*(Z>^ftj>*SrW 

i-S 7 r -f * K *l K«tt S Jxfc*7 t >f '<m 

[00 3 6] teOH«g09"e« % #3glEtel520nina>e>4565 
tft*P». *fiiS7 7>f^ »»««77^^, *5«fcU*ltt 

40 mytmt^^t(or^mm^tttz^yr^y<m^x 

*) ft «9 „ miie^ei^^ 7 -Y '<tel290nm<b 1330nmO|HOffi 

^^<O^4>Sk^U52Onm**61565nm*-eoteHrtO0T^O 
ftftfc:^T-20ps/nro-kiii«fc 9 'J> $ < ft 5 <fc 9 l-ft^tt, 

[0 0 3 7] 

50 ^^v/^rAlil:fflV^T^5o 1290nm-1330nmO© 
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£1310nmtf><fc 5 ft ft*l-*3l*T 
SliSi<7)*-^- K*7r^^J: 5 ft SCSI y >^ 2 

(J&lfgmS: ri310nmeiHy tff-S) (^550nnr)t 

Sfe&STJtSitSo 1310nmfciiy >^ 2 <£*&S|5K*5l^T. 

«#*sa:/wifi>AS:K-'^Snfc3fe7r^^**S (o 
FA) 3{C^£2x£ 0 rO±5ft*«Btt4MB-C*> 
5 0 M^-fix ^HffrffFSM 9 5 9 8 3 7f, 15 0 0 5 
17 5^ *5j:tTJB5 0 6 7 7 8 9 #«r#i«£ftfcl\, 

«fcv\> *<^{f -9-^tfe*nSS5^>3lfett5H«^OFA 3£>£> 

<o^»ftlM*l*ixfci*StttU (ASE) zmfc-tZtcib 

[0 0 3 8] *»E^«^**«-ett, ^i«7 7>f 

4 offlSr^^Sr^ri- S^r^ctSftfl ^o^tifts 
t5^i^Ll^rt:Er K- tf> ? Astiftm ? r 4 

h^T -f'^M"^^ Tanaka et al. , "Attenuation Fr 
ee, Dispersion Shifted Fiber Doped with Distribute 
d Erbium", Techinical Digest on Optical Amplifiers 

and Their Applications, 1990, Optical Society of 
America, Vol.13, pp. 138-141 1 ttttZtltz ^ \ 

[0 0 3 9] «^»»*t«^r>f^4^tt^SixS 

4 l*#f& £ ax^/w* SrSSKb U*^o«*^tft*P» 5 
tb<Dmm&JX\ K«ft<S«**SkS:4-x.*. OFA336? 

jgaftix^/uo*j(i(iS:^.*.s»'fr^«.'*ftaiy ^ 

[0040] wttib^v-^-r ^1S^Hl3l0nm^r 

[0 0 4 1] E!2Hl310nmjoJ:t^l550nm{f^-C7)ifit' f ^ b 

L/TV>3o WDMi;^ 1 9J&U310nm3tejHl l*5J:tH5 
50nm*iBl 1 a rt> P><Om^«T 1310nmfci£ y 1 2 K«g 
^ 0 1310niH£igy >^ 1 2^>a^ffl0t-*5^SWDM 
1 6*3^2x6 2 o<D{f ^£**L&tf>8Eftt££-'3V x 

B4«rFjB4 9 3 8 5 5 6-S§\ S.4 9 4 1 7 2 6^ 
t/JB4 9 5 5 0 2 5 1310nm{fi-§-JiW 
t°-^l 7iaotM^, a>Ol550nnrff fliOFA 



(8) SW6-1 16 2 0 
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1 4(C e to-r«m^^5 D S^$ixfcl310nm<f-?-*5j:V 

£*X6o 

[0 04 2] S3 IttftfftCDl&O&mW&Tfi bT*5 9 . 
r^Mfltlj:, 1550nntffejB2 l^»*1f«7r^^2 
4|CA#t*tLS^, - iOOFA25 CJ: ot* 
£3x6^#1550nmff ^£^S£it£0QT\ 1310nmfciM- 

10 ^^HaW^frtBSixSo 1310nroejg7r-f^2 2** 
b^»WIJtlt(I^iOFA2 3 (aoT*$ 

^2 7 [aoT§:©bix^o 
[00 4 3] H4{i#N^-Svn310nme^y >^ &riiD 

Sllfc«Sr*UTV^So «2 8(itV^OFA3 0(a 

o T if *§ $ tt 5 1550nmff-5§- 4: 3tetTM * * 3 «t 9 K 

fit 7 7^/^2 9 IT, 1310nmgi£7 T ^ 3 1 <D 

20 {CO^fcfiit^ftS ct Si-ftSflSSo iV^fiOFA 
3 2fclJ:oT**S*U «r«7>f/U* (BPF) 3 3t: 

ttf77>f^3 4^J:oT»«4:«jE*tt5 e rc^Uffi 
ftlfiBf3£^i«V^lf y h - l — M?1310nmeiHy 
5S 1 bfiV^#^^^f^7)1550nmei^^tT^b9 5 0 
[0 0 4 4] fr1$kffiM'7T'<' < \Z*t-tZ>&£ftW<Ojjm 

Ittf^ m l ic^ £ Mz. "s^l* % TfE<7)tf'J J: o 

T^$tt^) 0 1550nm^*5V^T^15ps/km-nm(^^ : |5c4rW"t* 
550km^eai7 7^<^2^»^^tt, %Wk*^<t h/KS 

ffiOl OCOHiSW-Cfi. r >f '<4 (i-30ps/nm 

-kmc7)^t5:4:^*bT*5^, 50kmcoe^y >^tr*5^^IE 

i-5 Q r.©«S<o*|[ttjEWi-C*>5*:*ttft<^ ««T-ft 

^ r >f <t t5»tfc»« 77^^ss &&m<Dfcm$L 

ft (AMW^*il520nm-1565nmO«Sffl) ^O^v-^^A 

13l0nmei^y ' 77^^fi^»2»(Dl J: V * 

^300ps/nra <t «9 'h * V \ I550nm&g ^ ^ ^ K 9 [C&tf 5 
I310nmfei^y>^ • 7 r ^ ^<D^tfcfi^±5ps/nm-kmT* 

*>5^e>, ^«««7r^^^9fKft36 s i3ionmeaiy > 

^ . ^ T ^/<(DftS 2^C0 1 J:f9^ct < ftv^<t 

fc fete. eiiiSS tcio tt 5 ^tJcffifi^ r -f ^<o»*tt-2 
Ops/nm-km ^^^t^nJ: , 9A^^^^^:^v^fflT*fo5r < !: 

50 3&W£bV\ 
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[0 0 4 5] h*&i£-7T'('<2<Dm&te. 
m\0dB(Dl) V^fcSgl^LTfi. «$0.2dB/kmCD;*--^- 

- -cfcixtf , 77^/U^^xrA|:i2. 5dB<£> 

[0 0 4 6] »**«^r-f^^fiftjg»ttkni^9(7)7 

«TM»Lfctttfc5. «l»oflli:fclt5»*«llt77 
^^^^>a*fH&*i-60ps/nm-km-C*3>&S-efc5 9 (i£ : 

fi*»***fls»tntf (-j:9iio*iRi-e*>ixtf) . tttea 

■**i*rttft<fc6) o 

[0 0 4 7] «TE77>f^*»**«^7 t AS:*K^ 
^iST*£5«fc 5 (C-rs^ife^fi, ftJ*»ft*S-40pn/nm-k 

m £ fc li-tft J: 5 ft Ufa \z.-X S v ^©ttB-ctt tt*Ui* 

&i\ »* U< li-120ps/nm-kmj; 5 < fctt 

fttf&ib&v\, ^ix6^(SHtt^ ®ttf<DmiB^> ? n- 

#«*B«:7 7 -f ^l:io tr«-*P £ ti5 *;*:« 

»i<30dB-efcf9.- fiai^T-f ^^*5*t5»jfeS:lR]^ 

(»«) Six#6J:5l£tt3ft5^*Tfc"5. 

[0 0 4 8] ^^AJtSflJlCfc^T, *5«fctf1#Kil£^$ 

fc »u:m-a># 7 T -< /<jtM«Tv< y * - ^ $ fttzm& 

ICtt<ft30km'e*>S o 

[00 4 9] IE*4«^IS«<0^ft©l«*ttTIEoa 

(1) fc«oTtt*S*L6. 
Sdcf/Ddcf = S^/D*, (1) 
fcjfifU Sao*fieaii8[SO±25nin<^«£ffl{Cto/i:S^» : ffi 

«fi«D±25nm(Z>tSH^tofc*fii3l7.r-f ^<©»tk»«ft 

- K ' 77-f^l^V>t N 1550nm<Z>ej£ftft-Cf±. 

= 0. 06ps/nm 2 ~kmT*^) «9 x ^oD tf = 15ps/nm-kmT*#> 
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tz?7y KWfll*— =E— K • ^7-r^<T*^D^^15ps/ 
nm-kmT**> 5 ^ 577^ /<K»*3 J: 15155 

Onraftfi 9 -<> K l> (l520nm— 1565nm) rt0ft&5£i£ 

T N -t©1550nmjftSi>-O K^ft-CfiD^ = 15 ± 5 ps 
/nm-km~C <fo 0 

[0 0 5 0] flM»*Mt«>fc Ate*H Sixfc 1 o*>#£ L 
10 v^Jfc«-Ctt, S«©il»MiMt«:Iil»i-Sfc*»^ 

«»Sae** $ a: (1) ^£^x-$-7Lbtiz>m(ni?a~~2m 

0 ^S dcf ^2D dof (S^/D*,) (2) 
[0 0 5 1 ] **Wfi7*>f * ^ S f i A M- tr-f^fi 

[0 0 5 2] 7 7>f/<OH 

M»7r>f/^loolft«|j:4fi»a^]|; 

— =*- K • 77^^T*fe5o 
[0 0 5 3] H5-8Afi*5S^©»«««7 7>f^^ 

Hil UtS 5 ocD^^>t 7 7 -f /<B«r*»#«WJ«:* 
LT^5o H5a3j:tX6fc*J»t6»#aH«J»i»lk»«-C 
fc^Ho 8*5<fctf8 AlC*5tt54>*«BlJtt^* 

[0 0 5 4] #»*«BiJli^9 5/ K5 3 <E>ffiiJr*i:ite 

ttm lsX\tm.&)®:\< ^»ttBSr*i-S =" T®^ 5 0 
^t?^5 0 06. 8*5<tV8 AtC*5tt5^«g'J»i^ 

J: f9/hSV>®»r*^/W^S:^i-S37 • U 2 (*3 

J:t5l0 2) Sr-g-AyTV^o 1^7, 8*3«tt/8 A^fcJt 
S^SgiJ^Bflttffl^^ 9 jx K 5 1 OjlSr^ J: 
UTI^DUA/^) 37-^~F55^n^7iii=i7 

^^o«x.tfGeo a -e K-t°y/f5:^a^77K 

5 1 (fci^lOl) <h (Uot^ 

Jtitt^o SiliMsr -ett4<tM5 0i:o 

[^1] 
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[0055] ztibvftttmmcM^zft&ffim&mic 
-r 6 7 r -y ^oitft t <oma*&fa&&&tz>. w^ft 

^tcoVNT. g| 5*5<fct>*7<7)y >^&flM3ftl^SMfiSBU 

[0 0 5 6] K*7r-f/Wy h^-^SS^ 

«t "9 /h S < ft # ftfi ft <b ft 1\ $ fc ft v ^ £ #^e- 

t> y h m50nmtzrtm\<m^&\<m 6, 8 

*5 £0*8 A*::^£;ft,X^5 J: o IcM'r/i'? (Dtp&^Tm 

6. • ^y^^fi-entJ^ffiLftV^o 

[0 0 5 7] »«T««i:«MT««i^Wfcfe*tft^TlFa 

^-<{^^o tt 5 r b ^^SktD j4: t mzm— T*ft ti-^ft 6 

ftV\ -rft^^l310nmT*oe^(-^LTSiS{b^^fc^ 
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40 



[0 0 5 8] H5 — 8|il*3W6^*IHg«tt, ^^r^T^ 
n 2 2 )/2 ni 2 N n a IW7*; K^fflifr^, rfi^g, tUa 

[fell 



n(r) = n, [ 1 - A 



(r/a)^ 3 



[0 0 5 9] H8 A\C7f:£tlti5rtf>m%lte. ««10 3 

S'tbfcV^) o Ge0 2 -Si0 2 y->±^Ge0 2 -Si0 2 ^- h (# 
— J£<DY-M°>y • w^ywSr. %^Xty— ftBJr^w < 
50 7 ^ KteGe0 2 £ K-^ L7tSi0 2 XfcS w «h L < , 



(11) 



11620 
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^oftffltJdl^MitoaT ■ hf!*ic 1 0 5:fccfct>*l 
0 311 b~-y>£ftX\,^j:\,^SiO z X&ZZ.£frfttiL\,\ 
[00 6 0] * 1 &¥fj£<Dftft<Dm\£&rtZ>&%'f%¥f 
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[0 0 6 2] 4H te£Zf2\^£fhtimB^m-fZ>ti : 

- ^argw, ar • y y^i^r • ■=£-- hlZ 

- y >^^«y >^o^ffl(3iy^-ea3e*ix5o 

- #ttii«airt k $ K/tRft xmm s nfco 40 

[0 0 6 3] 7 

*8^^t*Sl7 7 ^/U **f*ft» (VAD) . * 

tttt*fe (OVD) *>5v^iifiFiE{b^3g«a:a (MCV 
D) o±9*S!pW*7T>f^Hit*ffi(cJ:oTf^*$ 
ix»5 0 S2l^lt577>f^liOVDfti:J:otM 

£*Lfc 0 OVD&l*%:m&Vtm4 4 8 6 2 1 2^ f4 
1 2 5 3 8 8f, 85 0 6 7 9 7 5^ ^4 3 1 4 8 3 
7^ *3it/»4 7 1 5 6 7 9fOi5 4#»©#ff^ 

[0 0 6 4] ^r-Y^<I.D. 7873-0 lio J: 7873-02 13 T 50 



ttrc 0 T DiEl£62. 5 u m<D jfls—jry K * 4 >ir y 9 

K • 7 T '«Dlt£><D=*T - y it - J*fcW;?g 

5) <tft£*Lfc 0 fc°-> • =ir«lfiKii36fil:%Ge0 2 Sr K 

(deposition and redraw process) 
ff»4 4 8 6 2 1 2^XXim5 0 6 7 9 7 5 *§-Mf2*fc 

77 K£*lT80mm£>;*- hiS&2:tt3*X, LTS^tK $ 
Jx^oa^y y^- hStbT^7^#*tSr?BricL^:o ^ 
<E>#^ S iXT^S«J7imD(0^ - > £ 4 $ 

ttfc 0 ^ 1 - ^ 7 7 K • - 2 OSi 

0 2 ^- h^T^-^<-^ 7 5/ K £ ftT S^58miTi(7) ;* - h 
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[0 0 6 5] ±B«tttt. l07fimfrh80nm!£X^{k-t 

5 1' Sr#fiS$*tfcv^ [cffifcJ; 5 ftaE#*Jxfcft«» 
tttHT'fcSo h-^/l^T\ 7 7^^1.0. 7873-01 (80 
/imO.D.) 3. lkmjoiU^x-l'^I.D. 7873-02 (107/im 
O.D. ) 3.3km^3ffi#*iX3&»ojH^*iX*:. 

[0 0 6 6] 7 T D. 7939-0117)^-016^X^1^ 

— (DX-si-fy y KxaSrf¥5 0VDjfetcJ:oT»!iS 
* sftfcSfl* b # * ttfc 6 ^ r >T /< J: *) ft 5 0 
IB l ^r-^^t-A^ iSj-^/u^ • • 

>f * * * 5^**5 J: t>*Si0 2 tf» K*5*t 5 40fifi;%OGe0 2 

ITSftt ^ttT^7mm£0=i T • >5r->i& 
SiQ*X*-s<-2 =7 v KSttfc. rcoftif&co^y :7*-- 

[0 0 6 7] jft5|$ Ofeit*:*— ^-f l^otft 
V ^ 7 -< ^< Sr^^i" 3 BtFfc: * 7939-01 1 jo i t^-0160/c 

j6 5 ^ SO ^ £ tt . 1 1 0 u m<0 WM X fi- 1 7ps/nm-k 
m^ -t LT85/i rn^B:@T^i-45ps/nni-km(Djt^ff btL 

T-f ^* S »9I# **tfc 0 7939-011(30. 7km); -012 (7km) ; 
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